Abstract: Subjects were scanned in a single functional MRI (fMRI) experiment that enabled us to localize cortical regions in each subject in the occipital and temporal lobes that responded significantly in a variety of contrasts: faces Ͼ objects, body parts Ͼ objects, scenes Ͼ objects, objects Ͼ scrambled objects, and moving Ͼ stationary stimuli. The resulting activation maps were coregistered across subjects using spherical surface coordinates [Fischl et al., Hum Brain Mapp 1999;8:272-284] to produce a "percentage overlap map" indicating the percentage of subjects who showed a significant response for each contrast at each point on the surface. Prominent among the overlapping activations in these contrasts were the fusiform face area (FFA), extrastriate body area (EBA), parahippocampal place area (PPA), lateral occipital complex (LOC), and MTϩ/V5; only a few other areas responded consistently across subjects in these contrasts. Another analysis showed that the spatial profile of the selective response drops off quite sharply outside the standard borders of the FFA and PPA (less so for the EBA and MTϩ/V5), indicating that these regions are not simply peaks of very broad selectivities spanning centimeters of cortex, but fairly discrete regions of cortex with distinctive functional profiles. The data also yielded a surprise that challenges our understanding of the function of area MTϩ: a higher response to body parts than to objects. The anatomical consistency of each of our functionally defined regions across subjects and the spatial sharpness of their activation profiles within subjects highlight the fact that these regions constitute replicable and distinctive landmarks in the functional organization of the human brain. Hum Brain Mapp 27:77-89, 2006.
INTRODUCTION
Functional MRI (fMRI) investigations over the last few years have found strongly selective responses to specific categories of visual stimuli in focal regions of human extrastriate cortex. Thus, the fusiform face area (FFA) responds about twice as strongly to faces as to other stimulus categories [Halgren et al., 1999; Kanwisher et al., 1997a; McCarthy et al., 1997; Puce et al., 1996] , the parahippocampal place area (PPA) responds selectively to images depicting places [Aguirre et al., 1998; Epstein et al., 1999; Epstein and Kanwisher, 1998; Ishai et al., 1999] , and the extrastriate body area (EBA) responds selectively to images of bodies and body parts [Downing et al., 2001] . The selective responses of these regions are robust enough that each of them can be found, in the same approximate anatomical location, in virtually every normal subject scanned with fMRI. Thus, the FFA, PPA, and EBA are now considered by many to be part of the basic functional architecture of human extrastriate cortex.
But how exactly should we think about these regions of cortex? Are they distinct cortical areas like V1 or MTϩ/V5? At present we have evidence bearing on only one of the Felleman and Van Essen criteria for cortical areas: function [Felleman and Van Essen, 1991] . We know almost nothing about the connectivity or cytoarchitecture of these regions in the human brain. This means that our main reason for thinking of these regions as distinct entities is their distinctive functional profile and anatomical consistency across subjects. The present study addresses this question directly by scanning 14 normal subjects on the functional localizers for the FFA, PPA, and EBA (as well as other regions), and measuring the consistency across subjects in the location of each of these regions with a new kind of group analysis. We also include a new analysis to determine whether the selectivity of each region drops off abruptly at its functionally defined borders, or whether instead the selectivity profile that defines each region is spatially very diffuse, extending far beyond the borders of that region.
This enterprise is of potential use not only in providing a stronger test of the data on which the existence of each area is based, but also in providing a quantitative measure of the consistency in the location of these regions across subjects in the normal population.
But what counts as the "same place" in two anatomically distinct brains? Comparisons between the anatomical locations of functional responses in different subjects rely on a method for aligning different individuals' brains in the same coordinate system. Most anatomical comparisons of the human brain based on MRI data use the 3-D Talairach normalization system developed by Talairach and Tournoux [Talairach et al., 1967; Talairach and Tournoux, 1988] . Such normalization, however, underestimates the true distance along the cortical sheet, particularly for points lying on opposite banks of a sulcus. Thus, the metric properties of the Talairach-based coordinate system do not correctly reflect the metric properties of the cortical sheet. In order to achieve better subject-to-subject alignment, surface-based coordinate systems have recently been developed [Fischl et al., 1999a; Thompson and Toga, 1996; Van Essen and Drury, 1997] . One of them is the spherical coordinate system, where the reconstructed cortical surface of each individual is mapped onto a sphere, using the "maximally isometric transformation" [Fischl et al., 1999a] . This algorithm attempts to preserve as much as possible the distances between cortical locations projected onto the sphere. The normalization then aligns the entire pattern of sulcal/gyral folds to a statistical atlas, and normalization has been shown to produce greater consistency across subjects in the location of structural patterns of the human brain and the functional areas of the retinotopic cortex [Fischl et al., 1999b] .
In this study we scanned subjects with fMRI while they viewed either static or moving images from each of five stimulus categories (faces, scenes, body parts, objects, and scrambled objects). We tested the consistency in the anatomical location of several functional areas using the spherical surface-based coordinate systems. In the portion of the brain we examined we find that only a limited number of regions show a consistently selective activation pattern across subjects for contrasts between these stimuli. The most prominent of these regions are the FFA, PPA, EBA, and MTϩ/V5.
A second question addressed in this study concerns the sharpness of the spatial selectivity profile around a functionally defined area. The borders of functionally defined areas are typically determined using a t-test with a relatively stringent statistical P-level threshold. The choice of threshold is somewhat arbitrary, and the lower the P-value, the smaller the area. Does weak category selectivity extend far beyond the typically defined borders of each functional region? Here we addressed this question by measuring how response selectivity varies with the distance across cortex from each functionally defined area. We find that category selectivity (preferred minus nonpreferred) drops off rapidly as one moves away from the standard functionally defined borders of each region, becoming zero at a distance of only 4 mm from the borders of the FFA and PPA.
SUBJECTS AND METHODS

Subjects
Fourteen healthy adult volunteers (seven males and seven females) participated in this study. The age of the subjects ranged from 19 -44 years.
Stimuli
Stimuli were gray-scale photographs from five different categories: faces, scenes, body parts, objects, and scrambled objects. In each category 20 different exemplars were used. For the body parts category we used isolated parts of bodies, for instance, a leg, foot, and arm. For the object categories the images represented either man-made objects or food. These images were also used to generate the "scrambled objects" category. Each "scrambled image" was created by cutting the intact image into a 20 ϫ 20 grid of square subimages, then randomly exchanging the positions of each subimage. The scrambling made the objects unrecognizable. Images were 300 ϫ 300 pixels in size and subtended a visual angle of 9°. They were either static or moved away from the center of the screen at a speed of about 160 pixels/s (causing apparent motion of 1.5°). In a separate set of "meridian mapping" scans run on all but one subject in the same session, we used black and white flickering checkerboard wedges with four different orientations (up, down, right, and left) to map the retinotopic areas. The flickering checkerboard wedges were presented on a 700 ϫ 700 pixel wide screen and subtended a visual angle of 20.8°. The length and width of the wedges were 350 (10.4°of visual angle) and 120 pixels (3.6°of visual angle), respectively. In addition, lowcontrast moving vs. stationary ring stimuli were used in two subjects to localize MTϩ according to standard practices .
Procedure
Each subject was run on five different functional scans used to localize category-specific areas (and MTϩ/V5). A blocked design was used, with each scan consisting of two sets of five epochs (one for each image category). A 16-s fixation period was present at the beginning of the scan, between the two 5-epoch sets, and at the end of the scan. Each epoch lasted 16 s, during which 20 images of one category were presented. Each picture was presented for 300 ms, followed by a 500-ms blank interval. In order to keep subjects alert and attentive to all stimuli, subjects were instructed to press a button whenever they saw two identical images consecutively (a "1-back" task). This happened twice per epoch. Epochs of each stimulus category were presented in different orders within each scan in a way that balanced the serial position of the category across the scans. During a given epoch we presented either static images located in the center of the screen or images moving away from the center either horizontally, vertically, or along the diagonals. Epochs of static and moving images alternated during each scan. For the additional two meridian mapping scans, subjects viewed in each block a black and white flickering checkerboard wedge with its vertex at fixation (in the middle of the screen) and its base above, below, to the right, or to the left of fixation.
fMRI Data Acquisition
Scanning was done on a Siemens 3T Allegra scanner at the Athinoula A. Martinos Center for Biomedical Imaging in Charlestown, MA. A head coil and a gradient echo, echoplanar (EPI) pulse sequence with TR, 2 s; TE, 30 ms; flip angle, 90°were used. Twenty contiguous axial slices were acquired, covering the entire temporal and occipital lobes. The voxel size was 3 ϫ 3 ϫ 4 mm, the matrix size was 64 ϫ 64, and the FOV was equal to 192 ϫ 192. We focused on the occipito-temporal cortex because of its role in object processing.
Brain Reconstruction
Three-dimensional structural ("MPRAGE") scans were acquired in order to reconstruct the brain using Freesurfer software Fischl et al., 1999a; Fischl et al., 2001] . MPRAGE is an inversion prepared gradient echo sequence, with the following parameters: bandwidth ϭ 190 Hz/pixel, flip angle ϭ 7°, TR/TE/TI ϭ 2.73 s/3.44 ms/1 s, voxel size 1.3 ϫ 1.3 ϫ 1 mm. This software generates an inflated representation of the cortical surface of the brain after several processing steps, including intensity normalization, removal of skull, and segmentation of white matter. Each subject's cortical surface was also registered by matching each individual subject's pattern of cortical folds with a spherical surface-based atlas [Fischl et al., 1999b] .
fMRI Data Analysis
Percentage overlap maps of functional areas
We determined the consistency in the anatomical location of each functional area across subjects as follows: We first motion-corrected the data from each subject using Fsfast analysis toolbox. Data were then smoothed in the volume using a Gaussian filter with a FWHM equal to 4 mm. For each contrast investigated (faces vs. subjects, places vs. objects, body parts vs. objects, objects vs. scrambled objects, moving vs. stationary, and the meridian mapping related contrasts) in each subject we individually calculated P-values in each voxel to create an activation map of the volume data. For each contrast and each subject, we created a label composed of all the voxels in the brain with a P-value lower than or equal to 10 Ϫ4 (uncorrected for multiple comparisons). For each contrast, the labels of all the subjects were mapped onto an statistical template of cortical geometry using the spherical normalization. For each point on the cortical surface, we calculated the percentage of subjects that showed a significant activation for each contrast (with P Ͻ 10 Ϫ4 ). We call the maps obtained in this manner "percentage overlap maps." This method is different from the traditional random effect analysis and can be interpreted as the prior probability that a given point in the spherical coordinate system will be within the specified functional area for a novel subject.
Selectivity Profiles
Region of interest (ROI)
Motion correction using the Fsfast analysis toolbox was performed prior to the data analysis [Cox and Jesmanowicz, 1999] . To determine the ROI for each functionally defined region separately for each subject, data from the first two scans were smoothed onto the brain surface in the volume using a Gaussian filter with a FWHM equal to 4 mm and projected onto the inflated brain using the Freesurfer toolbox. A t-test was then performed on the average surface data from the two scans. The remaining three scans were used for the "ring" analysis (see below). Thus, the selectivity was measured using a dataset independent of that used to define each region. The fusiform face area (FFA) was defined as the area in the mid-fusiform gyrus that was significantly more active for faces than objects (t-test, P Ͻ 10 Ϫ5 ). Similarly, the region in the parahippocampal gyrus that was significantly more active for scenes than objects defines the parahippocampal place area (PPA) (t-test, P Ͻ 10
Ϫ5
). The extrastriate body area (EBA) was defined using the activation contrast for body parts vs. objects (t-test, P Ͻ 10 Ϫ5 ). Finally, MTϩ/V5 was identified by comparing the epochs containing the moving images with the epochs containing the still images (t-test, P Ͻ 10 Ϫ5 ). In two subjects we used a more conventional MTϩ localizer consisting of low-contrast moving rings and found an activation at exactly the same place as that found with moving images, validating our choice of the moving-image localizer.
Ring Analysis
To study how the selectivity of each functionally defined region drops off with the distance from the traditionally defined border of that region, we projected the functional data of the last three scans onto the surface and averaged their values with no smoothing. We determined the relationship between the vertices on the inflated brain as follows. The Freesurfer algorithm identifies a set of vertices, i.e., points on the surface of the inflated brain analogous to voxels in volume data, separated from each other by about 1 mm. Outer and inner rings of vertices were defined as follows: the first outer ring consists of all the surface vertices that are immediately adjacent to the border of the functional area. (see Fig. 5 ). The second outer ring consists of all the vertices adjacent to the first outer ring. Each new outer ring is similarly defined as the set of vertices immediately adjacent to the previous outer ring that are not part of any previous outer ring, nor part of the functional area (Fig. 5, left) . In the case where a functional area is made of more than one continuous region, a given ring could as well be composed of disjoint sets of vertices (Fig. 5, right) . The inner rings were defined in a way similar to the outer rings, the first inner ring being identified with the border of the functional area. This procedure is done separately for each subject in their own native space. The percent signal change of a given ring for a given stimulus condition is the average across all subjects of the percent signal increase for that condition above a fixation baseline across all the vertices that constitute that ring in each subject.
RESULTS
Percentage Overlap Maps
We tested the consistency across subjects in the anatomical location of each functionally defined area. In order to avoid any bias in the location of each area, we considered the activation of the entire temporal and occipital cortex for each contrast ("faces vs. objects," "scenes vs. objects," "body parts vs. objects," "objects vs. scrambled objects," and "moving images vs. static images"; in each case using a threshold of P Ͻ 10 Ϫ4 uncorrected within each subject). For each of these contrasts we created a "percentage overlap map": a map that indicates at each point in the brain the proportion of subjects that show a significant activation for the contrast in question. We also used the same approach to map V1-V2 borders (for example, the V1-V2 superior divisions were derived from the lower field vertical wedges). Figure 1 shows an example of a percentage overlap map in the right hemisphere for three different contrasts ("faces vs. objects," "objects vs. scrambled object," and "scenes vs. objects") in an average template brain (derived from an average across 40 subjects) [Fischl et al., 1999b] . The maximum of the percentage overlap map varied between 64% and 93%, depending on the contrast (Table I) . As expected, the maximum percentage overlap was usually higher with contrasts producing larger activated regions (because, for a given displacement, the overlap will be larger for larger regions). The difference in overlap accuracy might also reflect the fact that some anatomical regions of the brain might have larger location variability across subjects than others. Note that the maximum percentage overlap was not higher for the V1-V2 borders than for the other contrasts (Table I) .
For the "faces vs. objects" contrast, only two regions of the entire occipital and temporal lobe appear (Fig. 1, top left) . One is the well-known fusiform face area (FFA) in the fusiform gyrus. The second one, located in the inferior occipital gyrus, shows a lesser degree of overlap, and corresponds to the occipital face area (OFA) [Halgren et al., 1999; Kanwisher et al., 1997a] . The percentage overlap map for the "object vs. scrambled object" contrast produces a large region starting from the inferior occipital cortex and extending up to the temporal cortex (including the FFA) (Fig. 1, top right) . This region is known as the lateral occipital complex (LOC), and has been shown to respond more strongly to stimuli depicting recognizable shapes than to scrambled stimuli that do not depict clear shapes [Kanwisher et al., 1997b; Malach et al., 1995] . No other scanned region shows an activation for this contrast that overlaps across subjects. The "scenes vs. objects" contrast produced four different regions of overlap (Fig. 1, bottom) . One, located along the collateral sulcus, is the parahippocampal place area (PPA) [Epstein and Kanwisher, 1998 ]. We also Regions showing at least 28% overlap across subjects in activation from each contrast shown on lateral (top), ventral (middle), and medial (bottom) views of the cortical surface of an averaged template brain; the threshold for each subject individually was P Ͻ 10 Ϫ4 uncorrected. Both left and right hemispheres are represented (in the left and right part of the figure, respectively). Each color represents the population overlap of a given contrast: blue ϭ "faces vs. objects," green ϭ "scenes vs. objects," red ϭ "body part vs. objects," yellow ϭ "moving vs. stationary," orange ϭ overlap between "body part vs. objects" and "moving vs. stationary," purple ϭ overlap between "body part vs. objects" and "faces vs. objects," dark green ϭ overlap between "body part vs. objects" and "scenes vs. objects."
found three other regions, two of them showing a high degree of overlap. One is in the occipital sulcus, in a region just lateral to the transverse occipital sulcus (TOS) (Fig. 1,  bottom left) ; this scene or building-selective activation has been reported in several prior studies [Epstein et al., 2005; Grill-Spector, 2003; Hasson, et al., 2003; Nakamura et al., 2000] . Another region extends from the occipito-parietal sulcus to the posterior part of the cingulate gyrus (Fig. 1,  bottom right) . Activation in this area has been found in navigation tasks and place-encoding [Burgess et al., 2001; Maguire, 2001] . Finally, we found another small region in the lower part of the superior parietal gyrus that is much less consistent across subjects (Fig. 1, bottom left) . Grill-Spector [2003] reported an activation in a similar region (in the intraparietal sulcus, IPS) when subjects view scenes or objects (but not faces) compared to texture patterns. Figure 2 shows the left and right hemisphere of an averaged template brain. The population activation maps for the different contrasts are represented in different colors. The left and right hemisphere produce very similar results except that the FFA and EBA have a lower amount of overlap in the left than right hemispheres. This finding reflects the fact that not all subjects show an FFA and EBA in the left hemisphere. For clarity of visualization we did not represent the overlap generated by the "objects vs. scrambled objects" contrast, i.e., the LOC. Indeed, the LOC overlaps with both the FFA and EBA. Figure 2 shows the EBA, obtained by contrasting the response to "body parts vs. objects." This region is located in lateral occipito-temporal cortex, with most of the overlap in the medial and inferior part of the occipital cortex. The overlap region of the EBA seems to surround the MTϩ/V5 region obtained with the "moving vs. static images" contrast. The "body parts vs. objects" contrast also shows activation in the FFA, which indicates that the FFA responds fairly strongly to body parts in this study (see next section). The coordinates of the different functional areas obtained with this method are given in Table II . Figure 3 shows the activations within each of five subjects individually (thresholded at P Ͻ 10 Ϫ4 ) for each of the contrasts shown in Figure 2 . Although the general pattern shown in the group percentage overlap map (Fig. 2) can be seen in each individual subject (Fig. 3) , considerable variability is also seen across subjects in the precise location and extent of the activation corresponding to each contrast. Further, considerable patchiness is apparent in the activation for each region in each subject. Some of this patchiness results from sampling at the gray-white-matter border, which includes a subset of the total activation seen in slice data. Sampling at the gray/white border increases the spatial accuracy of the localization on the cortical surface at the price of reduced statistical power. Further studies in our lab are investigating the patchiness of each functionally defined region by scanning with higher spatial resolution.
Percent Signal Change and Selectivity Profile
To test the selectivity of each of the different functional areas, we measured the percent signal increase from fixation baseline for each of the image categories in each functionally defined area (using independent datasets to define the area, and to calculate the percent signal change within that area). A two-way ANOVA of stimulus categories ("faces," "scenes," "body parts," "objects," and "scrambled objects") by regions ("FFA," "PPA," "EBA," and "MTϩ/V5") showed a significant interaction (F(12,215) ϭ 10.6, P Ͻ 0.001), indicating that the regions differed significantly from each other in their profile of response across stimulus categories (as expected).
Figure 4 (left) shows the percent signal change for faces, scenes, body parts, and objects in the FFA, PPA, EBA, and MTϩ/V5. We did not calculate the percent signal change in LOC, because the localizer we used was not strong enough to reveal the functional signature of LOC (a significantly higher response to objects than scrambled objects) consistently with only two runs. In the PPA and EBA, the response of the preferred category (i.e., scenes and body parts, respectively) is significantly higher than for each of the other categories. On the other hand, the "face" response in the FFA is not significantly different from the "body parts" response (t ϭ 1.35, P ϭ 0.2), although it is significantly higher than for the other image categories. In MTϩ/V5 we find that the percent signal change for faces, scenes, objects, and scrambled objects has about the same value, but it is substantially higher for body parts. This result is not surprising, given the proximity of MTϩ/V5 and EBA (see previous section), but note that the higher response for body parts than objects continues inside the border of MTϩ/V5 (Fig. 6d) , suggesting that this body part selectivity is a property of MTϩ/V5 itself, and does not merely result from partial overlap of MTϩ/V5 with the EBA. Only the MTϩ/V5 region showed a significantly higher response for moving than static images, as expected (Fig. 4, right) .
We also studied the selectivity profile around each of the functionally defined areas. To do this, we first defined the borders of each area in each subject using one set of scans and a stringent threshold value (P Ͻ 10 Ϫ5 ). In the surface data, we then defined a set of outer and inner rings (see Fig.  5 ), each separated from the next ring by 1 mm, as described in Subjects and Methods. Using a second independent set of scans, we computed the percent signal change of the functional data from each consecutive ring inside and outside each functionally defined area. The value obtained this way was then averaged across all subjects. Figure 6 shows how Activation (for P Ͻ 10 Ϫ4 ) for each contrast in five subjects mapped on an averaged template brain. Only the right hemisphere is represented. The colors identify the contrasts with the same color code as in Figure 2 . In addition there is pale blue ϭ overlap between "faces vs. objects" and "moving vs. stationary," brown ϭ overlap between "scenes vs. objects" and "moving vs. stationary," and black ϭ overlap between "faces vs. objects" and "scenes vs. objects." the selectivity of each area drops off with the distance from the standardly defined border of each area. The response profile for "faces" in the FFA and "scenes" in the PPA is quite sharp; at 3-4 mm from the border of functional area the response is similar for preferred and nonpreferred categories, although interestingly the particularly low response to faces in the PPA extends well beyond the PPA border (Fig. 6a,b , see also Table III) . On the other hand, the response profile for body parts in the EBA is much broader (Fig. 6c , Table III ). In MTϩ/V5 the percent signal change for body Figure 4 . Analysis of the response properties of each region. For this analysis two scans were used to functionally define each region (at the P Ͻ 10 Ϫ5 threshold); the percent signal change in each condition, compared to a fixation baseline, was calculated over the remaining three scans. Because the amount of data used to localize each region was limited, we did not find each area in each subject; the FFA was identified in 12 subjects, the PPA in all 14, the EBA in 12, and MTϩ in 9 subjects. a: Mean percent signal change across subjects to each image category in the FFA, PPA, EBA, and MTϩ regions in the right hemisphere. The error bars represent the standard error on the difference between the preferred and nonpreferred stimuli. In FFA, PPA, and EBA, paired sample t-tests on the percent signal change gave values of P Ͻ 0.001 for all comparisons between the preferred category and each other category, except for the comparison between "faces" and "body parts" in the FFA, where P ϭ 0.2 (t ϭ 1.35). In MTϩ the percent signal change for body parts is significantly higher than for the other categories (body parts vs. faces: t ϭ 2.7 P Ͻ 0.02, body parts vs. scenes: t ϭ 3.1 P Ͻ 0.01, body parts vs. objects: t ϭ 3.2 P Ͻ 0.01, body parts vs. scrambled objects: t ϭ 3.4 P Ͻ 0.005). b: Mean percent signal change across subjects to static and moving images in the FFA, PPA, EBA, and MTϩ regions in the right hemisphere. The error bars represent the standard error of the difference between the preferred and nonpreferred stimuli. Paired sample t-tests for responses to moving vs. static images were not significant (all P Ͼ 0.05) in any area except MTϩ, where the responses for moving images are significantly higher than for static images (t ϭ 15.4, P Ͻ 0.001).
Figure 5.
Rings of vertices (yellow/white) surrounding a functionally defined area (red/light gray) for two cases in which: (left) the functional area is convex, and (right) the functionally defined area is made out of two discontinuous regions. For visualization purposes, only the third, sixth, and ninth neighboring outer rings and the third neighboring inner rings are drawn. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.] parts is quite high, possibly because of the proximity of the EBA (Fig. 6d) . Figure 6e shows the decrease of the response selectivity for moving images as a function of the distance from the MTϩ/V5 area. The selectivity for moving images is still present a few mm away from MTϩ/V5, indicating that the cortex adjacent to MTϩ/V5 is also responsive to moving stimuli. This motion selectivity was not significant in the EBA in Figure 4 (which surrounds MTϩ/V5), because it is only the part of the EBA that is close to MTϩ/V5 that shows motion selectivity, whereas Figure 4 shows an average over the entire area. Table III also shows the gain in surface are for the region between the standard border of the functional area and the perimeter where all selectivity for the preferred category is lost. The expansion of the area is less than 2-fold, which indicates that the selectivity drops off rapidly as one moves away from the functional area. Note that these values depend on the threshold chosen. The sharp drop-off can also be seen in Figure 7 , which shows the selectivity as a function of the cortical position.
DISCUSSION
This study provides a broad survey of the human occipital and temporal lobes, searching for any cortical regions that respond in a category-selective fashion consistently across subjects. We did not restrict our analysis to previously identified category-selective regions of interest such as the FFA, PPA, and EBA [Downing et al., 2001; Epstein and Kanwisher, 1998; Kanwisher et al., 1997] , but instead tested the entire scanned area for any category-selective regions, whether previously identified or not. Using cortical surface representations of our data and a spherical coordinate system [Fischl et al., 1999a ] to optimize our registration across subjects, we asked which of the category-selective responses visible in individual subjects arise in a consistent location across subjects. The result of this analysis is a "percentage overlap map" revealing at each point on the surface the percent of subjects who show a given selectivity at that point. This analysis resembles a random effects group analysis in that it reveals which activations are consistent across subjects. However, because the percentage overlap map re- veals the percent of subjects who show a given effect significantly at each point, it provides a particularly useful database for future studies. For example, it can be used to evaluate the probability that a lesion or other anatomical condition in a particular neurological patient has affected the FFA. It also provides a useful database against which activation patterns in subject groups from different ages and/or clinical populations can be compared (for a similar argument about activations in retinotopic cortex, see Dougherty et al. [2003] ]). In general, the percentage overlap map for an area allows one to compute the probability that a given point in the spherical coordinate system for a novel subject is contained within that area.
The present study also demonstrates several new findings. First, the number of regions of cortex that show a category-selective functional profile that is consistent across subjects is relatively small. The percentage overlap map reveals the FFA, PPA, EBA, MTϩ/V5, and LOC, as expected, and the maximal cross-subject overlap in these regions ranges from between 64 -93%. In addition, a small number of other regions were also found in extrastriate cortex that show over 28% overlap across subjects. For example, a scene-selective region is evident far from the PPA near the transverse occipital sulcus. This region has been noted previously [Grill-Spector, 2003; Hasson et al., 2003] , and its salience in the percentage overlap map (maximal overlap of 86% overlap across subjects) suggests that it is very robust and warrants further detailed study [Epstein et al., 2004] . Note that this method is unable to identify functional entities that are present in all subjects but which show too large anatomical-position variability across subjects.
These data also reveal two surprises. The first is the significantly higher response in MTϩ/V5 to body parts than to objects or to any other stimulus class tested (including faces). Although prior studies have demonstrated a higher MTϩ/V5 response to static stimuli with implied motion [Kourtzi and Kanwisher, 2000; David and Senior, 2000] , and to words or pictures related to action [Kable et al., 2002] , these effects seem unlikely to explain the higher MTϩ/V5 response to body parts where any implied or associated motion is likely to be weak (and no higher than it is for faces). The high response to body parts is also unlikely to be due to the partial overlap between the EBA and MTϩ/V5, because the selective MTϩ/V5 response to body parts continues 2 mm inside the standard border of MTϩ/V5 (Fig.  6d) , which in many subjects comprises most of MTϩ/V5, and because the overall response of MTϩ/V5 is quite strongly selective for body parts (Fig. 4) . This selectivity for body parts is not easily explainable within current views about the function of MTϩ/V5. One could argue that these results could be due to the use of nonstandard MTϩ/V5 localizer (i.e., moving objects instead of low-contrast moving rings). However, we also used low-contrast moving-ring stimuli to localize MTϩ/V5 in two subjects and found an activation in a place entirely consistent with those found using moving objects (see Subjects and Methods), making the existence of a bias in our localization of MTϩ/V5 little probable. Also, Beauchamp et al. [2002] found a larger response for humans and tools than moving rings in MTϩ/V5. One possibility is that the effect arises not in MTϩ/V5, but in the nearby MST/FST, which may be included in our MTϩ/V5 localizer [Huk et al., 2002] .
The second surprise revealed in our ROI analysis is the very strong response of the FFA to body parts. This finding is revealed both in the overlap of the body part-selective response and the face-selective response (the purple region * Distance from the border of the functional area at which the percent signal change between the preferred and non-preferred categories is not significant anymore (t-test). ** Distance at which the one-way ANOVA test on the percent signal change across categories is not significant anymore. *** Gain in surface for the area defined by the drop in selectivity compared to the functional area. The gain in surface is averaged across subjects.
Since the signal for the body parts category was significantly higher than those for the other categories at all the distance studied outside MTϩ, we did not present the statistics for the object categories signal around MTϩ. on the ventral view in Fig. 2) , and even more strikingly in the percent signal change for each stimulus condition in each region (Fig. 4) . Prior reports of high FFA responses to whole or headless bodies of humans or animals [Chao et al., 1999] could be accounted for in terms of mental imagery [O'Craven and Kanwisher, 2000] or completion of faces [Cox et al., 2004; Peelen and Downing, 2005] . However, it seems unlikely that faces are being inferred [Kourtzi and Kanwisher, 2000] , imagined [O'Craven and Kanwisher, 2000] , or contextually completed [Cox et al., 2004] from the presentation of individual body parts. This raises the possibility that the FFA is not solely selective for faces, but also quite selective for bodies and body parts. On the other hand, this account leaves unexplained our earlier findings that the FFA responds only weakly to human hands [Kanwisher et al., 1997] and to the backs of human heads [Tong et al., 2000] . Ongoing work in our lab using event-related designs and higher spatial resolution suggests that under these conditions the standardly defined FFA itself shows no selectivity to body parts per se [Schwarzlose, Yovel, and Kanwisher, unpublished observations] . Although further research will be necessary to resolve this question, our current hypothesis is that the FFA itself is not body part-selective, but can respond to the inference of a face from a headless body [Cox et al., 2004; Peelen and Downing, 2005] , and that cortical regions adjacent to the FFA are selective for body parts Peelen and Downing, 2005; , and the response of these regions often gets averaged in with the FFA when scanning at standard resolution.
The present work also addressed the question of whether functionally defined extrastriate regions such as the FFA, EBA, and PPA represent simply the peaks of very broad swaths of selectivity spanning centimeters of cortex, or whether instead these regions have fairly sharp edges. Using a new analysis method in which we measured the selectivity in concentric rings drawn on the cortical surface around each functionally defined region in individual subjects, we showed that the selectivity in some of these areas drops off quite sharply around their typically defined borders. For example, selectivity for faces is gone at a distance of about 4 mm outside the standardly defined border of the FFA, and all selectivity for places is gone at roughly the same distance outside the standard borders of the PPA. Thus, these regions are not simply the tips of very large icebergs of selectivity that extend far beyond the borders of each area, but fairly discrete regions of cortex with distinctive functional profiles that drop away quite sharply outside their cortical borders. This emerging picture of sharp changes in the functional profile across the cortex is reinforced by ongoing work in our lab using higher resolution [Baker et al., 2004] .
Note that these results do not address the function of each of these regions and the question of whether the representation of each object spans a distributed swath of occipitotemporal cortex including many of these regions [Haxby et al., 2001] . Although evidence from one study suggested that information about nonpreferred stimuli is carried within selectively responsive regions of occipitotemporal cortex, Spiridon and Kanwisher [2002] found no evidence that the pattern of response across voxels in the FFA and PPA contain information useful for discriminating between nonpreferred stimuli [see also Tsao et al., 2003 ]. This issue is the topic of much current research [Carlson et al., 2003; Cox and Savoy, 2003; Hanson et al., 2004] .
The well-defined functional borders of the regions investigated here help support their status as distinct cortical regions. However, it should be noted that work in humans can so far only straightforwardly test one criterion (function) of the multiple criteria for cortical areas that have been proposed and tested in the macaque [Felleman and Van Essen, 1991] . Evidence that these cortical regions constitute true cortical areas will be greatly strengthened if future work finds that they also differ from each other (and their cortical neighbors) in cytoarchitecture and connectivity.
